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The investigation of temperature stable bodies

of the lower permeability range (approximately
100-200) is continued. Two bHedies of the nickel-
zine grcup are described and their properties
discussed.

The study of bodies c¢f the system Mg0=-Ni0-ZnO-
Cu0=-Fe203 has stlll not come to an end. Out of
a great veriaty of msasurements, two materials
have been selected to show the effect of nickel-~
oxide content upon the magnetic properties. Ail
significant measur=menis are showun,

combining temperature stables bodies and high Q
bodies into one and the same materiai.

The field strength at the conditicne of the tc
test has been measured as a function of initiel
permeability. It is found thet all messurements
beretofore performed were at a field strength of
less than 0.45 milli-ocersted which validates the
measurement technique,

The uniformity and reproducibility test of MF=254
"G" body has been completed. The results of the
C-2 preparation resemble those of the first part.
Some conclusions are drawn and some general rules
eatablishad,
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PART I

Body Development and Measurements made during thes Tenth Quarter
of the Contract

— DA Project No,3 3-93-00=%503 ~ SC Project Ro,:32+2005-D
&) Tenmperatura Stable Bodies of the lower Permeability Kange

The following invesztigation is, in some respect, a continua-~
tion of the previous work on oscillator slugs. Now, however,
the objective of our experiments has been changed and has taken
on a more general feature.

Up to the present time, it is known tual tenperature sta-
bility may be achieved in two ways:

1) a body of relatively high permeability in the dense-
fired stete can be brought dovn in temperature coefficient
(simultanecusly decreasing ®) by underfiring. The porous
material represents a diiuted state of magnetic matter with
lover permeability.

2) a dense or almost dense fired body containing a small
percentage of "impurities™ or, in other words, of non-magunetic
constituents, may also exhibit a somevhat reduced permsehility
in corjunction with a flattened out temperature curve of o,
Ar. examplo of this type of material is the MF~-20 "B" matciial.

In both cases, of course, the basic composition has to be
appropriete inasmuch as a moderate tsmperature coefficlent of Ho
is required right from the heginning. Nickel~-zinc ferrites of
relatively high nickel and relatively low zinc content lend
themselves for the first of the two aforesaid types of material
while, as the example of the MF=90~B shows, mixed 4 or 5 componsnt
bodies comply with the rasyuirements of the second group.

Actually, both situatlons are speciual cases of the primary
stiectives: L.25,., to reduce the tamperatura ecoafficient by
reducing the magnstic efficiency. Tabie XLIX summarizes the
properties at several firings of two new materials fcr tempera-

ture stability.

The table explains the feature of the "stability through
porosity"” method although body MF~1832«C is nol yet to be
tsiten as the cuncslusion of the investigation. The initial per=~
neability of 370 for the demsoe~Tired body is reduced to about
175 in the underfired state. The teaperature curves (toroidal
measuremert) are illustrated by Graph 167. Up to abou: 75°¢C
temporature stadbility is very good. Belweer 75 and 125°C ths
temperaturs coefficient gradually reaches +0.03%/°C. Body
MF-1829-C shows the same general principle,but in this case a
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relatively favorable iemperature curve is associated with a
water absorption of 5=6%, indicating a too soft siructure of
the material. However, it may be pos=zlible to increase the
density of this material while retalining good stability.

A8 regards the behaviour at varicus “recuvencies 1829
maintains its initial perneability snd Q-factocr rcesonably well
up to 5 Mes. Vo remains quite stablc up to 15 Mcs. This isa
in accordance with previous experiences that bodiee of the
system N10-Zn0-Fejy03, when in an underfired ctate, are usefal
up to fregquencies of the 10 = 10° range.

The next report will supplement these findings with
further work on refinsment of the seccnd class of “wemperature
stable bodies (dense MF=QU~%"B" type).
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B) Bodies of the System MgO~NiO-ZnO-CyO-F3203

z Ninth GQuarterly Progress Report, Aprii/June 1953 contains
8 drief etatement on bodles of the above-named system where Mgl, KNiO
and Cu0 are present in about the same weight poreentzge {4-57).

The body referred to was MF 1459. In continuation of this
investigaltion, several more variations have been made with the
objective of determining the changes in magnetic propesrties which
cccur when small changes of composition are made. Each composie-
tional variation was .subjected to calcine temperature variations,
tut in order to simplify any corclusicns that msy be drawn, a
series of compositions which used the sare calcine (Mgl~Zn0~Fez03)
fired at a temperature of 2260°F is reported here. The firing
temperature of the test samples was 2380°F. Teble L shows the
chenlcal compositions of two ferrites as well as & summary of the
important magnetic properties. All measurements were performed
upon C-ghaped cores having about a 2 sq. cm, cross ssction and a
mean magnetic path length of about "7 em. The R. . measurexents
were made at a frequency of 0.55 M. . lech magpnetic circuit had
two air gaps, but the adjacent surfzces of the two C-cores wsres
well ground tc¢ minimice the effects of the gaps.

If the variations in properties are related to the nickel
oxide ccntent of the body (which has proven through experience to
be one of the most important parameters upor the efficiency of
bodies of low nickel and reasonable zinc content), then 1t is to
be expected that the magnetic properties improve as the nickel
oxide content increaces.

Graph 168 shows the Ko vs. temperature behaviour Tor these two
materials on the same plot. The overall temperaiure beheviour of
Bo is be:iter for MF 1480 than for MF 1459. Although the HBo for MF
14,80 ie shown lower than that for MF 1459 (which has less nickke
oxide) toroidal ring measurements have shown that Bo is actually
higher. These rssults are also supported by the other magnetic
measurements which are shown in Table L, Ia overall efficliency,
MF 1480 (with the higher nickel~oxide content) is equal or better
than MF 1459.

It should be pointed out that MF 1480 is a reproduction of
MF 1429 (repurted upon in the Sixth Quarterly Progress Report
July/Sept. 1952), but using raw materials of a lesser degree of
purity. In respect to this variation, MF 1480 compares favoerably
to MF 1429.

Photos of hysteresis loops (60 cps) of a low nicxel oxide
¢ontent bedy (MFP 1102 -« "Hel"), a medium nicksl oxide ccntent
body (MF 1459), and = high nickel oxide content body (MF 419"H")
are shown in Graph 169. Az far as can bhe seen frem the shepe of
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B) Continued

the curve, these materiaslis are
properties, however; vary rore
indicate. Graph 170 shows the
these same three ferrites, It
ferrite with the medium nicke’

quite simijar. The actual magnetic
than thc 60 cps hysteresis loops

Bo vs. temperature curves for

is interesting to note that the
oxlde content ' 25 ths test tempera-

ture behaviour,; which is explained by a difference in the ZnO

contert.
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C) Preliminary Remark

Recent sxperiments have given evidence that bodies
basically t=longing tc the systom RiO-ZnO-Fe303 can be made
that combine the rollowing properties:

o around 110

-’

Q-factor, in the frequency range of 500 Ke
to 2 Mc, of several hundred

o
~r

¢) a temperature coefficient of approximately
40.1%/°C for the toroidal core

Further details will bs given ir later reports.
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Hoasurement of Field Strength (H) et the Conditions of
the Fo (1 Mc) Test

The purpose of this investigation was to again evaluate

the test procedure for toroidal measurements of Ho and Q (at
1 Mc) using the General Radio 916-A Impedance Bridge in conjunc-

ion with & suitable signal generstor ané null detector. (See
First GQuarterly Progress Report April/June 1945). The nzed for
thiis re~evaluation of the measuring techniques arises from the fact
that it is known that many ferrites (especially those of low
coercive force) lwe a rather narrov region where the Ko 1is
independent of the magnatizing fleld strengtis. One objective
of this work was to try to plet & curve of Hgqe vs. Fo so that
for any particular measurement heretofore made or for future
measurements, the exact conditions of magnetizing field can be
found for a ferrite of any measured initial permeadbllily.

Since most of the ferriie developmental wcrk 1s carried
out on the F 108 ring (approximate dimensiors: 0. D. = 4.7 cm,
I. D, = 3,6cmny H=0.6 cm), the subsequant measurements were
performed on this size toroid. The actual toroidal dimensions
varied from material to material by as much as + 15% (due to
ehrinkage variations).

Measurements of 50 toroids were made; about 5 rings each
0of all the commercially available "Ferraric® types so as to get
the complete range of possible Ho values. The following msasure-

2= 0¥

1) Xy - ivductive component of the torcidal impedance

2) R - resistive or loss componeni of the toroidsal impedance
3) E peak-peak-voltage cross the toroidsl impedance

4) The dimensions of the ring

Uaing the data of the preceding messurements., the field
strength can be computed. The fellewing formulss show the
relationships:

l) L = Xj, vhere L »= toroidal inductance in micro-
e henrys

X; = bridge reactance reading divided
by frequency in megacycles

f = frsqusncy in megacyclesa



S N e

L 4

-ll-

D) Contiaued
2) Lo = 0.0046 N%n log{ic)gp
1D

where Lo = toroidal inductarnce in micro-
henrys (air core)

hy, OD, 1D = toroidal dimensions in cm

R = number oI vwurnsa

3) ko =L
Lo
where Po = initial permeability

(For a complets development of the validity cf these above
expressions, ses Firct Quarterly Progress Report April/June

1949)

4y Q= EL vhere Q = g of toroidal inductance

R
E = bridge resistance reading (ohms)

Since the voltage across ithe toroldal inductance contains
a resistive and resactive component, it 1s sometimes necessar
to solve for these components ir order to accurately find the
field =trength.

5) J = tan "1 (R.) = tan~1 (J)
(*v) Q

where6/7 = loss angle

(also tan =1 )
STt

6) € = tan"l (X} & tan-1 (Q)

R
vhare & = Phasme angle
7) E reactive = Epegk to pesk x (sin &)
ToeM.Bo N2

where E reactive r.m.s. = r.m.s. active
componeat of the total voltage
appearing acroas the Zaductance
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D) Continued

8) Bpax * E reactive D8
hokd (£) (N) (A) (10-2)

il

axinun value of
sinueoldnal flux deusily
in ccre (gauss)

where RB; .o

A = crosg sectional area cf the
core in square cm.

£ = frequency in Mcs.
?) Fpax * Eggg wvhere Hpyys EKaxizum value of the
Bo sinusoidel field

strength in core
(oersteds)

It can be seen that whan the Q exceeds 10, the value of
sin € in (7) very nearly equals 1 so the reactive and reaultant
components =re approximatsly egual.

The results of the measurements and calculatione cf the
50 rings shows thai for Ko values up toc 1000 {at least) the
magnetizing field strengthk was always less than 0.45 milli-
oersteds, Since this situstion existed; no curve need be
plotted for H,. vss« Po. During the ccurse of the measursmsntis,
it was also found thst a reduction of the bridge input voltage
(nominally 1 volt at 1 Mc) had ro effect upon the measured ¥o
valuez. This indicates that all the ¥c measurements are valid
and within the range where the initial permeability is independent
of field strength.
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FART II

Bedy Development and Measuremenits made during the Third Quarter
of the Contract

DA Project Nos3 3-¢9~04-042 = SC Project No.i 29-194-B

A) Investigation of Keproducibility and Uniformity of Ferrite
Materials

From the second batch of G-body (precparation G-2), toroids
have been pressed fired and meessvred, and the results are commu-
nicsted below.

Again three different grain sizes were available:
a) all through 20 nesh

b) through 20 mesh and on 80 mesh

¢) all through 80 mesh

From these fractions, the third (sl1) fine) hes been set aside.
(Very fine powders, because of their high air content &nd diffi-
cualty in pressing, are usually discerded in favor of heesvier grain
size materials.)

Again three diffwerent pressures heve been applied: 5 tons, 10
tons and 15 tons correspondirng to 1040, 208C and 3120 psi. The
number of coras in each series, howaver, has been increased to
50. From these s amall number has been used for preliminary fir-
ing tests so iLhat {imaily a total number of 263 cores has been
subjected to megsurement and evaluated. Thz firing has becn done
in a small tunnel kiln of 8-3/4 feet length (the game &s for the
G-l cores). The peak temperature was 236C°F., The appearance of
the cores l1s very good. They are dense and shiny and have no
deficiencies as to shape and surfuce. The evaluation of the Mo
measuremcnts results in a distribution curve Craph 171 similar to
that. for the (Cel geries,

Table LI gives a detailed account for each of these six dige
tribution curves of Bo. The table indicates that, for any par-
Lieular pressure the dust-free granuistion ylelds the better
results, It also indicates thet for any perticular particle dis-
iribution, the higher pressing pressure gives better uniformity.

There are small differences boiwssn ths percontage figures
of th2z G~1 and G-2 experiment. It is belleved that these can bs
accounted for by the differerce in the number of cores suhjected
to each of the two test series. (13 to 15 for G=1l; over 40 for
G~2). The reasoning is the following:
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FART Il - A) Continued

a) the variation through firing will be very small
for so smell a batch

b) on the othe: hand, one single core deviating
from the majority disturhs unduly the overall
plicture and percentzge figures.

Surely the greater numbers of tcsted cores in the case of
G2 are more favorable from a stoiistical point of view, so
that the G=2 experiment comes clcser to practical working
conditions,

With respect to absolute magnitudes of o, the G-2 mix
is clearly superior. In the measurement of the C-2 rings,
the ambient temperature was closely checked and corrections
made (+1.3%/°C) when the temperature varied more than one-
helf degree centigrade from the 27°C norm., For the G-2 series.,
the average abscvlute m-gnitude of #o was about 10% highker
than that of the G-l test. The § values of all the riags of
the G=2 series were within about + 5% and showzd nc discernable
trends as a function of either pressure or partlcle size.
Since the G-l test showsd that very good dimensional uniformity
could bec achieved by controlling particle size and pressing
pressure, no dimensicnal evaluation has been made for the G=2
test.

The conclusiona to be drawn irom the whole uniformity
experiment (G-1 and G-2) may be condensed to the following
statements:

a) A medium grein size (relatively largae particles in
mixture with a variety of smaller cnes but exclud-
ing the very finest) 1s most suitable and offers
optimur pressing conditions.

b} The pressure should be high. A high éie pressurs
narrowg the magnetic tolerances.

c) It ig possi*le to kecp almost 100% of the preduction
vithin + 5% tolerance, (Fo and ¢) and & tolerance of
+ 2-1/2% still gives a very setisfsctory yield.

d) The location of the peak of the distridbution curve
depends on the method of preparation and the firing
tenperature. Having once establigshed the procedure
reproducibiiity will not be in doubnt.

e) Dimensiona

1 sniformity czn be good if the particis
sizes ana pressis

g pressures are held constant.
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PART II1I

RESEARCH PLANNED FOR_NiXT Nl ARTER®

P

The 1investigation of terperature~stuble tecdies of the
lower permeability range (approximetely 100-200) will
be carried on, Bodies of the B=type, clthough some-
vhat lower in permeability (arousnd 70). arc elso gtill
under consideration (they offcr thne advaniazs of lower
porosity).

-

[o 1R

The invesiigation of todies cf the systiam MgC-NiQ-ZnO-
Cu0=Fe,04 will presunably come to its firael ceoncliusiocn,.

High~Q temperature~stable bodieg will be included in
conjuaction with {1) zbove.

continued. NextyL body to be studied will be M. 7.
141-"1I". Reverslble permeability measurements will
be startsed.

* Nitrogen firing of mangsnersa-zine hodies, ns wvas

planned in the last Quarterly Repcrt, hag been de-~
layed because of glow delivery of several itenms
necessary for lmproved firing facilitics.
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MANHOURS SPERT ON CONTRACT FOR TH
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- Ju 953 ¢ % er 30, 1953
NAME TITLE HOUES
Dr. E. Albars~Schesaberg Supervisor 116
Ephraim Geibard Proisct Engineer 168
Jocaeph Kats Ceramist Enginecor 4
Samuel Ortepio Ceramist Engineer 136
Melviz Eisenberg Electrical Enginecr <3
Jekes Callahan Ceramist Eagineéer 455
Mary He. .on Meas., Techbnician 314
Ruth Wainwright Meas., Technician 298
Agnes Arias Cerampic Technician 120
Elizabeth Wetzel Ceramic Techniclan 7
Dr. K. Wetzel Ceramist Engineer 91
John Kurts Technician 86
William Schirger Technician 40
Peter Covwezsze Techniclan 41
Anthony Koseski Technician 105
Charles Purzas Techrician 95
R. Resater Technicien 11
Sigmaund Golion Tachnician 160
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GENERAL CERAMICS & STEATITE CORPORATION GRAPH 169 Aug.30 - 1953

SATURATED HYSTERESIS LOOPS (60 cps) FOR THREE FERRITES COVERING A
WIDE RANGE OF NICKEL OXIDE CONTENT

H=1 Body (MF 1102)

Oxide system MgO-Ni0=-Zn0-CuO-Fe203
Nieckel Contents 2.5 %

Magnetic Specifications:

By = 2800 gauss

Hg = 0.35 oernteds (maximunm)

Pmax = 3800

MF 1459

Oxide System Mg0=-Ni0=Zn0-CuO-Fe303
Nicke) Content: 4.6 %

Megnetic Spacificatio
Bg = 2860 gauss

He 0.19 oersteds
Pmax = 3500

4

i10ns8;

Y

H-Body (MF 419)

Oxide System NiO=ZnO=-CuO=Fep03
Nickel Content 9.5 ¢

fagnetic Specifications:

Bg = 3400 gauss

He = 0.18 oerstieds

Pmax = 4300
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